Objective: To determine the effect of adding chickpea flour or extruded chickpea flour to white bread on palatability and postprandial glycaemia, insulinaemia and satiety. Design: A randomised, single-blind, cross-over study of four 50 g available carbohydrate breakfasts. Setting: School of Exercise and Nutrition Sciences, Deakin University. Subjects: In all, 12 healthy subjects were recruited through posted notices. Totally, 11 (nine male, two female) completed the study (mean7s.e.m.; age 3272 y; body mass index, 24.770.8 kg/m 2 ). Intervention: After overnight fasting, subjects consumed a control (white) bread (WB) breakfast twice, a chickpea bread (CHB) breakfast once and an extruded chickpea bread (EXB) breakfast once. Palatability and postprandial blood glucose, insulin and satiety responses were determined. Following this, food intakes from an ad libitum buffet and for the remainder of the day were assessed. Results: A trend towards a lower incremental area under the curve (IAUC) of glucose for the CHB breakfast compared to the WB breakfast was observed (P ¼ 0.087). The IAUC of insulin and insulinaemic index (II) of the CHB breakfast were higher (Po0.05) than for the WB breakfast. No differences in glycaemic index (GI), satiety response, food intake or palatability were observed. Conclusions: CHB and EXB demonstrated acceptable palatability. CHB demonstrated some hypoglycaemic effect compared to WB, but neither CHB nor EXB demonstrated effects on satiety or food intake. The hyperinsulinaemic effect of CHB observed in this study requires further investigation.
Introduction
The chickpea (Cicer arietinum L.) is one of the world's most important legume crops as it contains approximately 50% available carbohydrate, primarily in the form of starch, and is considered to be a good source of protein (Paul & Southgate, 1978; Thorne et al, 1983; Khan et al, 1995) . The chickpea is a staple food in countries such as India and Pakistan (Chavan et al, 1986; Schneider, 2002) , and also plays an important role in traditional cuisine and diet in other parts of the world, including in the Mediterranean region.
Health authorities in many Western countries recommend regular consumption of legumes as a means of reducing the risk of diet-related diseases such as non insulin-dependent diabetes mellitus (NIDDM), coronary heart disease (CDH) and obesity (Anderson et al, 1999; Messina, 1999; Leterme, 2002) . However, increased consumption of legumes, in particular pulses (non oil-seed legumes) such as chickpeas, may be prevented by their limited sensory appeal and inconvenience of preparation (Messina, 1999; Schneider, 2002) . In addition there is currently a lack of commercially produced staple foods utilizing pulse-based ingredients available to the Westernised consumer (Schneider, 2002) .
Chickpeas are generally considered to be a low glycaemic index (GI) food (Foster-Powell et al, 2002) ; that is, consuming an equi-available carbohydrate portion of chickpea results in a lower postprandial blood glucose response than consuming white (wheat flour) bread. In general, starchy foods exhibiting low GIs also exhibit low insulinaemic indices (IIs) (Bjorck et al, 2000) . The low GI reported for the chickpea appears to be related to the slow digestibility of its starch and the high proportion of resistant starch (Englyst & Hudson, 1996) . Recent reviews have highlighted the mounting evidence that low-GI foods can play an important role in a 'healthy diet' (Willett et al, 2002) and have potential in the dietary control of chronic diseases (Jenkins et al, 2002) ; in particular non insulin-dependent diabetes (NIDDM) (Rizkalla et al, 2002) and coronary heart disease (Leeds, 2002 ).
An inverse relationship has been reported between the GI of a food and its satiating power (Holt et al, 1992) , and evidence from short-term studies suggests that a high-GI diet may stimulate excessive food intake (Ludwig, 1999 , Roberts, 2000 and promote obesity through preferential oxidation of carbohydrates leading to body fat deposition . The low GI properties of the chickpea therefore suggest that it may be highly satiating and of benefit in the control of food intake and in obesity-risk reduction.
The majority of studies demonstrating the low-GI nature of chickpeas have been based on whole-boiled or wholecanned chickpeas (Foster-Powell et al, 2002) . Information on the GI of other forms of processed chickpeas or the effect of chickpeas on postprandial insulin or satiety is scarce. Although experimental evidence is lacking, conventionally milled chickpea flour is a potentially valuable ingredient for reformulation of carbohydrate-rich, high-GI staple foods such as white bread. Incorporation of chickpea flour may lower GI of white bread and provide beneficial effects on postprandial insulin and satiety. Extrusion is a high-temperature, high-pressure process that is gaining in popularity for the manufacture of novel legume products as it results in a wider range of flavours and textures than has previously been possible (Guy, 2001; Milan-Carrillo et al, 2002) . As discussed by Meance et al (1999) , starch gelatinisation can occur during high-temperature extrusion of foods, followed by retrogradation during subsequent cooling. Gelatinisation has the potential to increase the susceptibility of starch to digestion and thus could impact on the glycaemic, insulinaemic and satiety responses to a food. In contrast, retrogradation has the potential to lower starch digestibility and thus may reverse the effects of gelatinisation on postprandial responses to a food.
At the present time, the effect of extrusion-based processes on postprandial responses to chickpea-based foods in humans is little understood; therefore, the aim of the present study was to determine the effect on postprandial glycaemia, insulinaemia, perceptions of satiety, food intake and product palatability of adding chickpea flour or extruded chickpea flour to white (wheat flour) bread eaten as part of a breakfast by healthy adults. We hypothesized that the addition of chickpea flour or extruded chickpea flour would reduce postprandial glycaemia, insulinaemia and food intake; increase perceptions of satiety; and not modify palatability. In addition, we hypothesized that the effects of chickpea flour would differ from those of extruded chickpea flour.
Methods

Subjects
In all, 12 healthy subjects (10 male and two female) were recruited through notices posted at Deakin University. Exclusion criteria included: cigarette smoking; pregnancy; allergy to any food ingredients used in the study or to legumes such as soy and peanuts; history of cardiovascular disease, diabetes or gastrointestinal disease; use of medications known to affect dependant variables of the study; excessive consumption of alcohol; and not being regular breakfast eaters. One subject was excluded from all analyses due to his taking medication known to interfere with postprandial glucose response. Overall, 11 subjects (nine male, two female) completed the study. Their mean age7s.e.m. was 3272 y (range 25-45 y) and mean body mass index7s.e.m. was 24.770.8 kg/m 2 (range 20.9-28.6 kg/ m 2 ). The study was approved by Deakin University Ethics Committee.
Experimental design
The study had a randomised cross-over design of three single meal treatments consisting of a chickpea flour bread (CHB) breakfast consumed once, an extruded chickpea flour bread (EXB) breakfast consumed once and a control (white) bread (WB) breakfast consumed twice. Each of the four test breakfasts were consumed on different mornings, at least 7 days apart, after an overnight fast of 10-12 h. Subjects were blinded to which test breakfast they were receiving. To avoid the 'second meal effect' (Wolever et al, 1988) , subjects were asked to adhere to a list of high-GI foods for the evening meal prior to the tests and no food or drink except water was permitted after the evening meal. Subjects were requested to keep their level of exercise the same before each test period and to abstain from alcohol consumption on the day prior to each test day.
On each test day, upon arrival at the laboratory, subjects were required to record their perception of satiety and have an indwelling catheter inserted into a vein in the cubetal fossa through which a 5 ml fasting blood sample was collected. The catheter was kept patent with sterile 0.9% saline. After rinsing their mouths with water, subjects were required to consume the entire test breakfast in 10 min, during which time they were required to rate its palatability. Subjects were required to rate their perception of satiety 10, 25, 40, 55, 85, 115 and 175 min after the start of the breakfast. Blood samples were collected through the indwelling catheter at 15, 30, 45, 60, 90 and 120 min after breakfast began. No other food or drink was allowed to be consumed until 175 min after the beginning of the test breakfast when subjects were offered food from a buffet containing a set range of lunch-time foods and allowed to consume items ad libitum. Food intake from the buffet was recorded by the researcher weighing or measuring the volume of each chosen item before consumption by the subject. During the buffet, subjects were also trained to accurately weigh, measure the volume and accurately record details of foods. Subjects were supplied with electronic scales and sets of measuring cups and after leaving the laboratory they were required to keep a record of all food and drink consumed for the remainder of the day.
Test breakfasts
Chickpea flour from Amethyst-type desi chickpeas (JK International Pty Ltd, Rocklea, Australia) was used as supplied for the manufacture of the CHB. EXB was formulated using the same chickpea flour treated by an extrusion process by Food Science Australia (North Ryde, NSW, Australia) that has been demonstrated to increase the total dietary fibre content of the chickpea flour (A Htoon, Food Science Australia, 2004, personal communication). Food Science Australia used a twin screw extruder (model MPF 40, APV Baker, Peterborough, England) with a 40 mm screw diameter, a length to diameter ratio of 25:1 and nine temperature control zones. The resulting extruded chickpea paste was dried in a hot-air tunnel dryer following which the dried extruded paste was ground to a coarse powder using a hammer mill (A Htoon, Food Science Australia, 2004, personal communication). To reduce particle size to closely match that of the unprocessed chickpea flour, the extruded chickpea product was remilled in a coffee grinder (Climax Engineering, Melbourne, Australia) when received at Deakin University (chickpea flour particle size: 1.5%4500 mm, 38% 250-500 mm, 57% 75-250 mm, 3.5% 38-75 mm; extruded chickpea flour particle size: 3.5%4500 mm, 41.5% 250-500 mm, 50.5% 75-250 mm, 4.5% 38-75 mm). The total dietary fibre content (AOAC, 1990) of the chickpea flour was 7.6 g/ 100 g dry matter, whereas that of the extruded chickpea flour was greater being 13.8 g/100 g dry matter.
The CHB, EXB and WB were each manufactured in a single batch on a small commercial scale by the Golden Bread Basket (Morwell, Australia). A standard commercial white wheat flour bread recipe was used to manufacture the WB. The CHB and EXB were manufactured by replacing 24.3% of the wheat flour with chickpea flour or extruded chickpea flour, respectively. The wheat flour replacement rates were based on the maximum amount of chickpea or extruded chickpea flour that could be added and still produce a palatable product, as determined from laboratory scale formulation trials and preliminary taste panels (data not presented). Loaves were sliced and then stored at À201C until required. The nutrient composition of the breads (Table 1) was determined by standard procedures (AOAC, 1990) . Addition of chickpea and extruded chickpea flour to white bread modified its macronutrient profile, in particular increasing protein and dietary fibre content while reducing total starch content. In comparison to the CHB the EXB demonstrated lower protein, fat and starch content but higher content of sugars and dietary fibre.
Each of the test breakfasts consisted of 50 g water (for mouth rinsing at the start of breakfast-subjects were required to swallow all 50 ml), three to four slices of toasted bread, 6 g low-fat margarine (Meadow Lea 'Lite' reduced fat spread, Meadow Lea Foods, Macquarie Park, Australia) and 20 g low sugar apricot spread (Cottee's diet apricot conserve, Cottee's Foods, Liverpool, Australia). In addition, a cup of decaffeinated tea (Tetley Australia, South Yarra, Australia) with 30 g skim milk (Home brand UHT skim milk, Woolworth's, Yennora, Australia) were provided. All breakfasts were adjusted to an equal weight by modifying the amount of water in the tea. The composition of the test breakfasts (Table 2) were calculated using FoodWorks version 3.01, build 472 (Xyris Software, Brisbane, Australia), which incorporates the AusNut database (All Foods, Rev. 14, Food Standards Australia New Zealand, Canberra, Australia). The database was supplemented with the direct analysis of the experimental foods and manufacturers' information for foods not found on the database. The three breakfast variants were equal in total mass and available carbohydrate content ( Table 2) . As a result of differences in macronutrient contents of the breads (Table 1) , the CHB and EXB breakfasts were slightly higher in protein, fat, total dietary fibre and energy than the WB breakfast. In addition, the CHB breakfast was slightly lower in energy and dietary fibre than the EXB breakfast.
Measurements
Blood parameters. Blood was collected into both fluoride ethylenediamine tetraacetic acid (Fl-EDTA) tubes and plain tubes. Fl-EDTA tubes were centrifuged immediately at 1260 Â g for 20 min at 41C and the resulting plasma stored at À701C until analysed. Plain tubes were allowed to coagulate for 1 h at B201C prior to centrifugation at 1260 Â g for 20 min at 41C, after which the resulting serum was stored at À701C until analysed. Plasma glucose was measured by enzymatic colorimetric methods using diagnostic kits (Roche, Mannheim, Germany) on a Hitachi 704 autoanalyzer (Tokyo, Japan). Accuracy and precision of plasma glucose analyses was confirmed against the quality control standards Precinorm U and Precipath U (Roche, Mannheim, Germany). Serum insulin was measured in duplicate by radioimmunoassay using a Linco Human Insulin Specific RIA Kit (Linco Research Inc., St Charles, USA).
Satiety and palatability ratings. Perceptions of satiety were rated using a 15 cm structured graphical scale marked with a far left anchor of 'Extremely hungry' followed by anchors 2.5 cm apart of 'Hungry', 'Semi-hungry', 'No particular feeling', 'Semi-satisfied', 'Satisfied' and 'Extremely satisfied' (Holt et al, 1995) .
Acceptability of appearance, texture (in mouth), flavour and general acceptability of the breakfasts were rated using a 15 cm structured graphical hedonic scale marked with a far left anchor of 'Extremely unacceptable' followed by anchors 2.5 cm apart of 'Very unacceptable', 'Unacceptable', 'Neither acceptable or unacceptable', 'Acceptable', 'Very acceptable' and 'Extremely acceptable' (Clark & Johnson, 2002) .
Subjects were asked to mark a position anywhere along the scales that matched their perception of satiety or acceptability. Participants' ratings were converted to a numerical score based on distance in centimeters (to one decimal place) from the far left anchor of the scale.
Food intake measurement. Weighed food records were completed by subjects to determine the energy consumed both during the ad libitum buffet at the completion of the postprandial test period and during the remainder of each test day. Subjects received both verbal and written instructions and practical training on how to accurately weigh and record all of the food and drink they consumed. Weighed food records were analysed using FoodWorks version 3.01, build 472 (Xyris Software, Brisbane, Australia) incorporating the AusNut database (All Foods, Rev. 14). The database was supplemented with the direct analysis of the experimental foods and manufacturers' information for foods not found on the database.
Calculations and statistics
Duplicate data from the WB breakfast test days were averaged prior to further statistical analysis.
Incremental plasma glucose concentrations, serum insulin concentrations and satiety scores were calculated by subtracting each participant's fasting value from their value at each postprandial time point. Each subject's incremental areas under curve (IAUC) for glucose, insulin and satiety for each breakfast variant were determined using above-baseline trapezoidal calculations based on that previously reported for the calculation of GI (Wolever & Jenkins, 1986) . The GI of the CHB and EXB breakfasts were calculated as the IAUC for glucose after the CHB or EXB breakfast expressed as a percentage of the same subject's IAUC for glucose after the WB breakfast. The individual subjects' resulting GI values were then averaged. The insulinaemic index (II) and satiety index (SI) of the CHB and EXB were calculated in a similar manner.
Data are presented as mean7s.e.m. SPSS software, version 11.5 (SPSS Inc, Chicago, IL, USA) was used for all statistical analyses. General linear model (GLM) repeated measures analysis of variance (ANOVA) with GLM contrast (simple) was used to examine the within-subject effect of breakfast variant on all outcome measures except GI, II and SI. The GI, II and SI of the CHB and EXB breakfasts were compared to each other using a paired-samples t-test and were compared to that of the WB breakfast using one-sample t-tests (WB breakfast ¼ 100). In all analyses, Po0.05 was considered significant.
Results
Glucose response
The incremental glycaemic responses to the WB, CHB and EXB breakfasts are shown in Figure 1a . Incremental plasma glucose concentration reached its peak at 30 min and fell below zero (baseline) between 60 and 90 min for all three breakfast variants. At 90 min the incremental plasma glucose concentration for the CHB bread breakfast was significantly lower (P ¼ 0.005) than that for the WB breakfast, and at 120 min the value for EXB breakfast was significantly lower than for the WB breakfast (Po0.001). The IAUC for glucose after the test breakfasts is shown in Figure 1b . A trend towards a lower IAUC for the CHB breakfast compared to the WB breakfast was observed (P ¼ 0.087). No significant differences in GI were seen between the breakfasts (GI mean7s.e.m.; CHB breakfast, 78713; EXB breakfast, 96721).
Insulin response
Incremental serum insulin concentration reached its peak at 30 min for the WB and EXB breakfasts and at 45 min for the CHB breakfast (Figure 2a) . The insulin level did not fall below zero (baseline) for any of the three breakfast variants. At 60 min, the incremental serum insulin concentration for the CHB bread breakfast was significantly higher than that for both the EXB breakfast (P ¼ 0.014) and the WB breakfast (P ¼ 0.009). A significantly higher IAUC for the CHB breakfast compared to the WB breakfast was observed (P ¼ 0.010) (Figure 2b ). In addition, the II of the CHB breakfast was significantly higher than that of the WB breakfast (P ¼ 0.04) and showed a trend towards being higher than that of the EXB breakfast (P ¼ 0.062) (II mean7s.e.m.; CHB breakfast, 147713; EXB breakfast, 120714). Figure 3a and b shows the incremental satiety response and the IAUC for satiety for the WB, CHB and EXB breakfasts. No significant differences between the three breakfast variants were observed in the incremental satiety score at any of the time points, the IAUC for satiety, or the SI (SI mean7s.e.m.; CHB breakfast, 105717; EXB breakfast, 116727).
Satiety response
Sensory evaluation
The results of the sensory evaluation of the breakfasts are presented in Table 3 . There were no significant differences between the WB, CHB and EXB breakfasts in terms of acceptability of appearance, texture (in mouth), flavour and general acceptability. All breakfasts were rated above 10 (representing 'Acceptable' on the line scale) for all sensory parameters. Food intake No significant differences in the energy intake after the WB, CHB and EXB breakfasts were seen at the ad libitum buffet (mean7s.e.m.; post-WB breakfast, 40987405 kJ; post-CHB breakfast, 42737490 kJ; post-EXB breakfast 40727454 kJ) or for the rest of the test day (mean7s.e.m.; post-WB breakfast, 61077598 kJ; post-CHB breakfast, 55097517 kJ; post-EXB breakfast 59747662 kJ).
Discussion
The present study investigated the effect on postprandial glycaemia, insulinaemia, satiety, food intake and palatability of adding chickpea flour or extruded chickpea flour to white wheat flour bread eaten as part of a breakfast by healthy adults.
Despite the low GI previously reported for whole-boiled and whole-canned chickpeas (Foster-Powell et al, 2002) , the only significant reduction in measures of postprandial glycaemia found on addition of chickpea flour or extruded chickpea flour to white bread was towards the end of the 2 h postprandial test period, a phenomenon more associated with high-GI foods (Roberts, 2000) . It is possible that both a too low incorporation rate of chickpea/extruded chickpea flour and the small particle size of the flours (leading to an increased starch digestion rate) in comparison to wholechickpea may have led to a lack of major difference in the glycaemic response between the CHB/EXB and the WB. In addition, there is a possibility that the GI values of the CHB and EXB breads when assessed as part of a breakfast may differ from those that would have been obtained from consuming the breads alone. Further studies using higher incorporation rates of chickpea milled to a range of particle sizes appear warranted.
An investigation of the starch digestibility of the breads used in the present study using an in vitro enzymatic protocol simulating the human upper gastrointestinal tract (A Hawkins & S Johnson, 2004, unpublished data) found equally high levels of rapidly available glucose (RAG), primarily as a result of rapid starch digestion, in CHB, EXB and WB, but lower levels for both whole-boiled and wholecanned chickpeas. Since RAG levels have been demonstrated to be directly correlated with GI (Englyst et al, 2003) , the in vitro study by Hawkins and Johnson (2004, unpublished data) supports the lack of difference between the GI of the CHB, EXB and WB breakfasts seen in the present human study. In contrast, Goni and Valentin-Gamazo (2003) reported that chickpea flour addition at rates similar to those used in the present study significantly reduced GI and appeared to reduce in vitro starch digestibility of pasta.
No differences in postprandial glycaemia were observed between the CHB breakfast and the EXB breakfast. The large increase in total dietary fibre content observed after extrusion of chickpea flour (possibly the result of the formation of retrograded resistant starch) was only translated into a small increase in total dietary fibre content in the EXB compared to the CHB and in the EXB breakfast compared to the CHB breakfast. The EXB also had higher sugar content than the CHB, and the EXB breakfast higher sugar content than the CHB breakfast. This effect on sugar content was possibly as a result of starch hydrolysis during extrusion, during the double milling protocol used to prepare the extruded chickpea flour or as a result of the bread-manufacturing process. The increased sugar content in the EXB may have negated any GI-lowering effect of its additional resistant starch. In contrast to the present study, it has been demonstrated that extrusion can reduce the level of resistant starch (Meance et al, 1999) and increase the rate of in vitro starch digestion (Alonso et al, 2000) , effects that can potentially increase GI. Postprandial insulinaemia was increased by the addition of chickpea flour to white bread but not by the addition of extruded chickpea flour. This appears to be the first report of a hyperinsulinaemic action of chickpea, a legume usually considered low GI and therefore assumed to have a low II. However, another legume ingredient, cocoa (Theobroma cacao) powder, has been reported to stimulate insulin secretion (Brand-Miller et al, 2003) ; with possible hyperinsulinaemic agents (besides glucose) being protein (Wolever, 1990 ) and the amino acids arginine (van Haeften et al, 1989) and phenylalanine (Calbet & MacLean, 2002) . The additional protein present in the CHB may have contributed to the elevated II seen in the present study. Despite its elevated protein content, the EXB breakfast did not result in an increased insulinaemic response compared to the WB breakfast. This lack of hyperinsulinaemic effect of the EXB breakfast was possibly due to the effects of its additional dietary fibre (assumed to be in the form of resistant starch) or the effects of high-temperature, high-pressure extrusion process on the chickpea protein. The hyperinsulinaemic effect of chickpea flour addition to white bread in the present study requires further investigation.
Neither the addition of chickpea flour or extruded chickpea flour to white bread affected measures of satiety or food intake. Previous studies have indicated the highly satiating effect of legumes (Anderson et al, 1999; Bourdon et al, 2001) , therefore, further studies specifically investigating the satiating effect of chickpea-containing products are warranted. Such studies should employ higher incorporation rates of chickpea ingredients, larger numbers of subjects and more sensitive food intake measures (such as closely monitored food boxes supplied by researchers).
The addition of chickpea flour or extruded chickpea flour to white bread did not adversely affect the palatability of the test breakfasts. All breakfasts were rated above 10 (representing 'Acceptable' on the line scale) for all sensory parameters, suggesting that subjects did not have an aversion to any of the breakfasts.
In conclusion, the addition of chickpea flour but not extruded chickpea flour to bread, when eaten as part of a breakfast, demonstrated some potentially beneficial changes to the glycaemic response. However, the addition of chickpea flour also increased insulinaemic response. Neither chickpea flour nor extruded chickpea flour addition to white wheat flour bread modified the satiety response to the test breakfasts, subsequent food intake or product palatability. This study did not provide evidence to suggest that the use of chickpea flour or extruded chickpea flour for the reformulation of white bread could provide products with more beneficial effects on carbohydrate metabolism. Nevertheless, the acceptable palatability of the reformulated breads suggests they may be a useful vehicle for increasing the legume consumption of the Westernized consumer in general.
